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摘   要 
 

























































验条件下，在较短的毛细管柱上 (50 cm) 成功地实验了对大肠杆
菌、溶藻弧菌和坎普氏弧菌的高效 (塔板数达 1 300 000 plates/m) 




























































The first part of this work concerns about the development of a fast, 
highly sensitive analytical method for mercury and its speciation 
analysis, and subsequently its application in toxicological study of the 
traditional Chinese medicines (TCMs) containing Hg. In the second 
part, a high-efficiency separation method with capillary 
electrophoresis (CE) has been developed and subsequently empolyed 
to bacterial separation. 
 
This dissertation comprises five parts: 1) A review of the research 
status in toxicology of mercury species and the related analytical 
methods; 2) Direct analysis of mercury and its speciation in TCMs 
using pyrolysis coupled with on-line atomic absorption spectrometry; 
3) An analytical study of bioaccumulation and species of mercury in 
rat body after oral intake of cinnabar; 4) A review of the current 
research status of bacterial separation with CE; and 5) Separation and 
analysis of bacteria by capillary electrophoresis. 
 
In the first chapter of this dissertation, about 70 references were 
reviewed and the background of the research was given. The toxicity 
and its action mechanism of mercury, the origination, total contents 
and conversion between species of mercury in TCMs were introduced 
in detailed. Meanwhile, the analytical techniques for mercury and its 
species, the current status of toxicological studies for different mercury 
















In the chapter two, based on the coupling of a pyrolysis unit to an 
atomic absorption spectrometry (AAS), a highly sensitive analytical 
technique capable of quantitative analysis of mercury and its 
preliminary species in TCMs was developed. No sample pre-treatment 
was needed and this greatly simplifies the analytical procedure and 
minimizes potential sources of contamination. The precisions of 
analyzing solid mercury standard sample and real TCMs were 2.1% 
and 2.5%–8.2%, respectively; and the recovery based on the analysis 
of standard reference materials ranged from 95.2% to 105%. The 
performance of the method has been compared with inductively 
coupled plasma–mass spectrometry (ICP–MS) technique and excellent 
agreements were observed between the two methods. The method has 
been applied to the investigation of Hg content in several TCM drugs 
containing or not containing cinnabar. Mercury concentration in the 
same TCM products differs widely with different manufacturers, 
suggesting that external contamination and the Hg presence in raw 
herbal materials are the main sources of Hg. In addition, comparison 
of preliminary mercury speciation between TCMs and cinnabar 
suggests that mercury conversion from cinnabar to biological 
matrices-bound Hg could occur because of the aid of other ingredients 
in the formulated drug. 
 
Due to alarmingly high Hg contents in some TCMs, in chapter three, 















evaluated. The distribution and binding forms of mercury in rats which 
had been fed orally with cinnabar and HgCl2 were analyzed. The 
results obtained show that the toxicity of Hg2+ is serious to rat, 
especially towards the kidney and liver tissues. Although the toxicity 
of cinnabar as a TCM drug is slight, its toxic effects towards kidney 
and liver should not be ignored if the medicine is taken continuously 
for a prolonged time period. In addition to total mercury measurements, 
the mercury thermal release profiles obtained from temperature 
programmed thermolysis coupled with AAS provides mercury binding 
forms information, and preliminary data suggest the presence of 
protein/polypeptide-bound Hg-compounds in kidney samples of rats. 
 
In chapter 4, the second part of this dissertation, the principles and 
development of CE were reviewed. The hurdles for bacterial analysis 
were discussed and the current research status of bacterial separation 
and analysis with CE were reviewed. 
  
In the last chapter, a CE method that yielded sepatation of intact 
bacteria with short analysis times and sharp peaks was developed. 
These apparent efficiencies were attributed to the use of a dissolved 
polymer additive (polyethyleneoxide, PEO). The influences of 
self-aggregation and pre-treatment of bacteria, PEO content, pH, 
buffer concentration, running voltage, etc. on the mobility of bacteria 
were investigated. Under optimum conditions, Escherichia coli, Vibrio 















shorter CE column (41.5 cm effective length). The analysis times is 
less than 10 min and the extremely high efficiencies are observed (up 
to 1 300 000 plates/m for V. campbellii). 
 
Keywords: traditional Chinese medicines, toxicity, pyrolysis, atomic 














第一章  文献综述Ⅰ:含汞中药毒性及汞的分析方法、毒性研究现状 
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共占人体总重量的 99.95% 的常量元素 (含量约占人体总重量的 1/10000
以上) 多为非金属和钠、钾、钙等轻金属，而共占人体总重量的 0.05％

















































自然界中，汞主要以元素汞 (Hg0)、无机汞 (如 HgS、Hg2Cl2、HgCl2
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